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Research Paper: Comparing the Effect of a Fatigue 
Protocol on Kinematic Gait Parameters in Students 
With Genu Valgum and Genu Varum and Their Nor-
mal Peers

Purpose: The purpose of this study was to compare the effect of a fatigue protocol on some 
kinematic gait parameters in students with genu valgum, genu varum and normal people.

Methods: Samples of this study included 37 high school students (age 16.39 years, height 
172.42 cm, weight 71.10 kg) who participated voluntarily in the study and were divided into 
three groups of genu valgum (n=13), genu varum (n=12) and normal (n=12). In order to evaluate 
the alignment of the lower extremity, goniometry-based quadriceps angle (Q) measurement was 
performed and the kinematic parameters were evaluated by a 10-m walk test using KINOVEA 
software.

Results: Intragroup comparison results showed that there were significant differences in stance 
time, swing time, step length, walking speed, number of steps and walking distance between all 
three groups after inducing the fatigue protocol (P<0.001), while intergroup comparison results 
showed significant differences between the three groups only in terms of stance time, swing time, 
and stride length after applying the fatigue protocol (P<0.001).

Conclusion: The present study showed that the fatigue protocol can affect kinematic gait 
parameters in people with knee abnormalities and those with normal alignment, and these effects 
differ in some parameters between normal subjects and those with genu varum and genu valgum.
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1. Introduction

uman walking has always been a matter 
of concern. One of the special gait char-
acteristics is the unique walking style of 
each person [1]. The normal walking in 
humans is rhythmic and is the result of 
a series of alternating movements of the 

lower limbs, which basically supports the movements of 
the trunk, head, and upper limbs. During walking, the 
head, upper limbs, and trunk should be balanced on one 
lower limb and transferred from one limb to another. The 
weight of these parts, as well as the weight of the lower 
limbs that are removed from the ground and moved for-
ward when walking must be supported by one limb [2].

Scholars believe that walking is affected by impairment 
in the human motor system, from serious lesions of the 
central nervous system to minor deficits, such as func-
tional limitation in the ankle or knee joints and even in 
the upper limbs [3].

The knee joint is the most important joint that causes 
stability and weight-bearing during gait, and any ab-
normality in this joint leads to instability and functional 
impairment [4, 5]. Among the most common abnormali-
ties in this area, the postural deformities, including genu 
valgum (knock knees) and genu varum (bowlegs) have 
been investigated in several studies and their high preva-
lence, especially among children and adolescents, have 
been reported [6, 7]. Such deformities in the lower limb 
can disturb the line of gravity relative to the base of sup-
port and, finally, cause significant changes in the balance 
index and movement strategies [8]. Genu valgum causes 

the displacement of the weight-bearing line to the lat-
eral part of the knee joint and increases the compressive 
forces over this part, while in genu varum, the weight-
bearing line moves towards the medial part and increases 
the compressive forces over this area [9, 10]. This dis-
crepancy disturbs the distribution of weight and causes 
instability in weight-bearing conditions, especially in 
dynamic situations such as walking [11]. 

Studies have shown that the mechanical axis deviation 
of the lower limb at various levels such as deformities 
in sagittal and frontal (genu valgum and genu varum) 
planes, which is more common in knee joint than in 
the other joints (because of a 3-dimensional deviation) 
, leads to changes in the internal and external force pat-
terns, including the deviation of ground reaction forces 
and challenges postural control strategies during stance 
and gait [12, 13]. In another study, it has been shown that 
deformities in the knee (genu valgum and genu varum) 
and ankle (pronation or supination) cause poor postural 
control when standing on one leg [14]. This condition 
can change the location of the center of pressure on the 
foot plantar and make it difficult to maintain and restore 
balance [15].

Based on the study of Van Gheluwe et al. genu valgum 
can cause subtalar pronation moment at the contact phase 
and subtalar supination moment in the early propulsive 
phase, while genu varum causes subtalar pronation mo-
ment in both phases. The increase in pronation and supi-
nation moments changes the torque of the gravity force 
and increases the pressure and mechanical load resulting 
from weight-bearing and displacement activities [16]. 
This condition may cause excessive muscular energy 
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Highlights 

● The fatigue protocol can affect kinematic gait parameters in people with knee abnormalities and those with normal 
alignment.

● The subsequent effects of a fatigue protocol may differ in some parameters between normal subjects and those with 
genu varum and genu valgum.

● Our findings may help practitioners in this field to assess and manage their clients

Plain Language Summary 

Fatigue may cause variations in some parameters of gait, especially in those with knee misalignment and healthy 
adolescents as well, which suggests more attention to corrective exercise programs to improve the knee misalignment. 
Also, recording the gait parameters before and after the intervention would be valuable information regarding the im-
provement of knee misalignments.
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consumption, fatigue, and loss of posture stability when 
standing on two legs, disturb the optimized movement 
pattern in dynamic situations such as walking, and end 
in prolonged prolific damages [17]. 

The effect of genu valgum and genu varum on the 
mechanical axis deviation of knee joint and the effect 
of pronation and supination moment on the mechanical 
axis deviation of ankle joint show that lower limb defi-
ciency, including postural deviation of the knee area, is 
an important factor in the biomechanical characteristics 
of motor function in children and adolescents, especially 
during walking [1]. Several factors such as neuromus-
cular diseases, cerebrospinal lesions, joint injuries, and 
fatigue affect gait biomechanics and, as a result, alter the 
pattern of muscle activity and energy consumption.

Fatigue is defined as an inability to maintain the pro-
duction of the necessary level of strength for physical ac-
tivity [18]. It reduces voluntary power and the functional 
capacity of muscles, disrupts the simultaneous activa-
tion of agonist and antagonistic muscles, and ultimately 
decreases the function and efficiency of the musculo-
skeletal and nervous systems [19, 20]. Factors affecting 
fatigue include central and environmental factors [18]. 
Fatigue of muscles around a joint known as local fatigue 
changes the movement pattern and joint position sense 
and causes muscle co-contraction, which increases the 
likelihood of joint injury [21]. 

Fatigue is one of the factors influencing postural and 
gait control [22]. Barbieri et al. in a study on inactive and 
normal people showed that muscle fatigue affects kinetic 
and kinematic parameters of walking, regardless of the 
level of physical activity of individuals and gait [23]. In 
a study on the effect of fatigue on walking parameters 
of students with flat foot and normal peers, Shariati re-
ported that fatigue protocol could have a different effect 
on some of the gait parameters in people with foot defor-
mity [22]. Granacher et al. reported that fatigue protocol 
significantly decreased gait velocity and stride length 
in young adults, while it increased these parameters in 
older adults [24]. The fatigue of the muscle group in the 
knee joint may affect gait parameters because of repeat-
ed daily activities or various exercises [20, 25]. 

Given the importance and role of walking and gait pat-
terns, the identification of abnormal gait patterns and 
providing appropriate corrective programs are possible 
only by having full knowledge of gait biomechanics. In 
this regard, this study aimed at comparing the effect of 
a fatigue protocol on some kinematic gait parameters of 

students with genu valgum and genu varum and their 
normal counterparts.

2. Materials and Methods

The study population consisted of all high school male 
students in Qods District, Tehran City, Iran. Firstly, 400 
students aged 15 to 16 years from 4 schools entered into 
the study based on the inclusion criteria. In the second 
phase (screening), 110 students were selected (53 with 
genu varum, 26 with genu valgum, and 31 with normal 
alignment). They were examined for lower limb align-
ment assessment to determine the severity of the defor-
mity. At the end, 37 were selected as study samples and 
divided into three groups of genu varum (n=13), genu 
valgum (n=12), and normal (n=12). 

In the genu varum group, the distance between two 
knee medial epicondyles was >30mm, while in the genu 
valgum group, the distance between medial ankle bones 
was >30 mm [26]. In the normal group, under various 
standing conditions (weight-bearing situation), there was 
no distance between medial knee epicondyles and medial 
ankle bones; and the goniometry-based quadriceps angle 
(Q) was in a range of about 5±10 degrees [27]. 

The inclusion criteria consisted of no history of injury 
(bone fracture, ligament, and tear) in the lower limb, 
no shortening or asymmetry of lower limbs, no spinal 
abnormalities or deviations in other areas of the lower 
limb (except knee abnormalities) or any specific disease, 
no history of being athlete, normal  Body Mass Index 
(BMI) (18≤ BMI ≤24 kg/m2), and parents’ written con-
sent for voluntary participation in the study. On the other 
hand, the exclusion criteria were being reluctant to con-
tinue the study or leave it at the posttest phase.

To assess and determine the severity of knee defor-
mity, the Q-angle of left and right feet was measured 
and recorded under weight-bearing situation while the 
subject was standing on both legs, and the knee and hip 
joints were fully extended and natural, and the quadri-
ceps muscle was relaxed [7, 12]. For measurement, a 
universal goniometer (1° accuracy) was used [26]. 

Before measurement, the center of the patella, tibial tu-
berosity, and anterior superior iliac spine were found, and 
the area was marked. The goniometer axis was positioned 
over the center of the patella while its long arm was to-
ward the anterior superior iliac spine and its short arm on 
tibial tuberosity (anatomical axis of the lower limb) [6]. 
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To determine the severity of genu valgum and genu 
varum deformities quantitatively, an industrial caliper 
(1° accuracy) was used. To measure the genu varum, 
while the subject was at standing and relaxed position 
and his or her medial ankle bones were close to each 
other without any pressure and abnormal contraction, 
the distance between two knee medial epicondyles was 
measured in anterior view and recorded in millimeters. 
For genu valgum measurement, at the same positions 
and condition and when knee medial epicondyles were 
closed to each other, the distance between two medial 
ankle bones was measured in posterior view and record-
ed in millimeters [6-9].

To induce fatigue (intermediate variable), the stan-
dardized protocol of sit-to-stand movements was used 
[23]. For this purpose, an ergonomic chair with a di-
mension of height =43cm, width =41cm, and length 
=42cm without side flaps were used. The subject was, 
then, asked to perform sit-to-stand movements (30 
repetitions per minute each for two seconds) while the 
arms were stretched across the chest. During standing, 
the knees must be completely open.

The fatigue protocol stops when the examiner finds out 
that the subject cannot move naturally and based on the 
correct pattern or cannot complete the repetition of move-
ments at the appointed time. The time between perform-
ing fatigue protocol and walk test was considered three 
minutes so that no full recovery could be made [22-25].

A standard 10-m walk test was used to assess the 
kinematic gait parameters (Figure 1) [28]. A Full HD 
Camcorder (Sony HDR-CX900) with a shutter speed of 
120 fps was used for cinematography. The camera was 

positioned 80 cm from the base, at a distance of 230 cm 
from the subject in the middle 10 m walkway indicated 
by two obstacles. The subject was asked to walk at a 
normal speed. Then, from the middle of the distance (5 
m), the shooting was started and recorded. The test was 
performed three times and the average result of these 
three times was considered as the final result of the test 
for analysis [3]. This test was performed for each sub-
ject before and after inducing fatigue protocol, and 15 
minutes was determined for resting before performing 
the fatigue protocol.

Finally, using the Kinovea software, time data were 
recorded for one gait cycle, as well as the stance time 
and stride length. Then, using the related formulas, the 
values of gait cycle length, velocity, distance covered in 
one minute, and the swing time were calculated.

The Shapiro-Wilk test was used to check the normal 
distribution of data in the study groups. The mean of 
indices was compared, using the repeated measures 
ANOVA over time and after inducing fatigue protocol 
in three groups. Bonferroni posthoc test was used to test 
the differences among the groups. All calculations were 
performed by SPSS V. 20, with a 95% confidence inter-
val and at a significance level of 0.05.

3. Results

Table 1 presents the demographic characteristics of par-
ticipants, while Table 2 presents data for stance time, swing 
time, step length, stride length, walking speed, number of 
steps, and walking distance for the three groups before and 
after inducing fatigue protocol, as well as the results of re-
peated measures ANOVA. As can be seen, the intra-group 

Figure 1. The 10-m walk test
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comparison results show that the parameters of stance 
time, swing time, step length, walking speed, number of 
steps, and walking distance were significantly different 
within the groups before and after inducing fatigue pro-
tocol. However, the parameter of stride length showed no 
significant difference within groups (P=0.055).

Moreover, according to the intergroup comparison 
results, there was a significant difference among three 
groups in terms of stance time (P<0.001), swing time 
(P=0.004), and stride length (P=0.001) after inducing 
fatigue protocol. The results of Bonferroni posthoc test 
showed that this difference was between genu varum 

and normal groups with the genu valgum group. How-
ever, in terms of step length, walking speed, number of 
steps, and walking distance, no significant difference 
was found among the three groups, although in genu 
valgum group after inducing fatigue protocol, the mean 
value of step length was more than that of other groups 
and their number of steps and walking distance were less 
than those of other groups. Furthermore, the interaction 
between the time factor (before and after applying the fa-
tigue protocol) and the group factor (genu valgum, genu 
varum, normal) is observed only in terms of step length 
parameter (P<0.001).

Table 1. Demographic characteristics of study participants 

Variable

Mean±SD

Genu Varum (n=13) Genu Valgum (n=12) Normal (n=12)

Height (cm) 168.2±6.55 174.25±7.51 174.82±7.51

Weight (kg) 69.7±5.05 73.17±6.49 70.45±6.75

Age (y) 16.18±0.84 16.54±0.52 16.45±0.52

Table 2. The results of repeated measures ANOVA for comparing kinematic gait parameters in samples

Parameters Stage
Mean±SD Time Factor Group Factor Time × Group 

Factor

Normal Genu Varum Genu Val-
gum F (1) P F (2) P F (2) P

Stance time (s)
Before 88.58±0.98 28.59±15.1 91.59±0.86

12.84 0.000* 12.6 0.000† 2.33 0.11
After 61.17±0.96 61.9±0.98 63.50±1.25

Swing time (s)
Before 36.62±0.92 36.94±67 35.55±0.67

41.54 0.000* 6.83 0.004† 1.04 0.36
After 37.64±0.77 37.94±57 37.13±29.1

Step length
(the distance between the 

heel contact of one foot 
and that of opposite foot)

Before 53.22±21.1 52.78±47.1 55.08±84.1

54.66 0.000* 2.89 0.07 16.10 0.000‡
After 52.76±0.91 52.25±16.1 52.81±66.1

Stride length (the distance 
between the heel contact 
points of the same foot)

Before 13±0.73 13.15±0.82 13.73±0.63
4.01 0.055 9.47 0.001† 0.15 0.85

After 13.38±0.67 13.40±0.65 13.23±0.48

Walking speed
(Step number × step 

length)

Before 0.31±0.03 0.30±0.03 0.30±0.04
68.76 0.000* 0.27 0.73 3.35 0.05

After 0.31±0.03 0.29±0.03 0.3±0.04

Number of steps (per min)
Before 49.02±2.23 48.02±2.78 47.68±2.99

48.34 0.000* 0.66 0.52 1.21 0.31
After 48.7±2.16 47.56±2.99 47.41±2.9

Walking distance (per min)
Before 46.96±4.67 45.33±4.85 44.11±6.09

79.49 0.000* 0.75 0.47 0.10 0.89
After 46.60±4.76 44.98±4.91 43.71±6.09

* Significant difference between pretest and posttest results (intra-group comparison); P<0.05
† Significant difference between posttest results (intergroup comparison); P<0.05
‡ Significant difference of pretest and posttest results between study groups; P<0.0.5
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4. Discussion

This study aimed to compare the effect of a fatigue proto-
col on kinematic gait parameters of students with genu val-
gum and genu varum and those with normal leg alignment. 
A significant difference was found in each group in terms 
of stance time, swing time, step length, walking speed, 
number of steps, and walking distance before and after in-
ducing fatigue protocol except in stride length. Moreover, 
a significant difference was found between 3 study groups 
in terms of stance time, swing time, and stride length, 
where the genu varum group and normal peers were more 
significantly different than the genu valgum group.

According to the results of this study, the fatigue 
protocol, as an effective factor in changing the spatial 
variables of walking in students (adolescent boys), can 
change the gait pattern in them regardless of whether 
they have normal leg alignment or deformities (e.g. genu 
valgum and genu varum) in the lower extremities, espe-
cially in the knee joint. Students with genu valgum had 
fewer number of steps after inducing fatigue protocol 
compared to those with genu varum and normal peers, 
and their mean step length was more than that of oth-
er groups. Moreover, the distance covered by the genu 
valgum group compared to the other two groups after 
inducing fatigue protocol indicates the higher negative 
effect of this deformity on their walking efficiency. On 
the whole, the occurrence of fatigue in individuals with 
genu valgum leads to a change in their kinematic gait 
parameters, which eventually reduces one of the biome-
chanical outcomes of gait (distance) [1, 4, 5].

Concerning parameters of stance time, swing time, 
and stride length, we found a significant difference be-
tween groups after inducing fatigue protocol, where the 
increase in these parameters was significantly more in 
students with genu valgum compared to the other two 
groups. This finding also shows the negative effect of 
change in lower limb alignment in the form of deviation 
of the knee plate in the posterolateral direction (knock 
knees) on temporal gait parameters in students with genu 
valgum compared to other students. It can be argued 
that the deviation of lower limb alignment because of 
increased Q-angle, or in other words, the reduction of 
tibiofemoral angle, causes undesirable changes in tem-
poral and spatial parameters of gait, which will eventu-
ally lead to a reduction in the mechanical advantage and 
efficiency of walking pattern [7, 12, 22, 26, 28].

Students with genu varum and normal peers had sig-
nificantly shorter stance time than students with genu 
valgum after having fatigue, while no significant differ-

ence was found between genu varum and normal groups. 
This finding is consistent with the results of Naderi et al. 
[7]. They reported that stance time in a group with genu 
varum was almost equal to that of normal peers. Perhaps 
those with genu varum do not need to change or modify 
gait parameters to reduce the pressure on their lower 
limb joints. This issue is important from a biomechanical 
point of view. In people with genu varum, the deviation 
of the weight-bearing line is shifted onto the medial part 
and is generally compensated in the ankle joint and does 
not negatively affect the overall walking pattern in terms 
of temporal parameters. 

Stief et al. also reported that individuals with genu 
varum, who still did not suffer from varus malalignment 
such as knee osteoarthritis, did not need to change their 
gait parameters to decrease knee joint loading, and often 
used postural compensatory mechanisms [29]. 

Considering the increase in the walking duration in 
samples with genu varum in the present study, it can be 
argued that muscle fatigue changes the gait kinematics 
in this group. This condition may be because of the dis-
placement of the weight-bearing line outside the base 
of support, which causes the person with genu varum to 
spend more time to keep the balance during the stance 
phase [29]. Angular joint displacements and, conse-
quently, the disturbance of optimal timing of muscle 
activity in lower extremity kinematic chain during 
walking change the magnitude of action and reaction 
forces between joints and ground surface. Biomechani-
cal inefficiency in the foot plantar can cause deviations 
from the normal walking pattern probably because of 
the change in the alignment of the lower limb, and 
shifting the weight-bearing line onto the medial parts 
[19, 20,  22, 28, 29].

Students with genu varum and normal peers had a sig-
nificantly longer swing time than students with genu val-
gum after having fatigue, while no significant difference 
was found between genu varum and normal groups. This 
finding is consistent with the results of Naderi et al. [7]. 
They also showed that temporal gait parameters in those 
with genu varum had values close to those of normal 
counterparts during swing and stance phases. The results 
indicate that subjects with genu varum do not need to 
change their gait parameters to reduce the pressure on 
the lower limb joints, probably because of postural ad-
aptation created in proximal and distal joints. Shariati re-
ported that the swing time during walking protocol was 
different between students with flat feet and their normal 
peers after inducing fatigue protocol [22]. 
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Considering that people with genu valgum have some-
how flatfeet or their knee alignment is affected by the 
decrease in the curvature of the foot plantar, the results 
of Shariati’s study can be compared with the results of 
the present study. The results of Stief et al. study showed 
that people with genu varum did not need to alter gait 
parameters to reduce the loads on the knee joint [29]. 

Perhaps one of the most important biomechanical fea-
tures of the knee joint is that its posture as middle seg-
ment of lower limb is influenced by upper and lower 
joints, which is manifested in the form of compensatory 
postures. However, the pain, malalignment, or patholog-
ical conditions in lower limb joints are commonly com-
pensated in the knee joint and cause changes in muscle 
activity patterns and decrease in the range of motion and 
postural adaptations in this joint, which can negatively 
affect the performance and efficiency of a person and his/
her gait biomechanics, including the kinematic param-
eters [29]. Farr et al. also indicated the high biomechani-
cal changes of the knee joint because of lower limb ma-
lalignment, especially in dynamic situations (walking) 
compared to the hip and ankle joints [30]. 

Therefore, considering the importance of knee joint 
in terms of dynamic stability and weight-bearing, any 
muscle imbalance in this joint accelerates functional 
and postural compensatory changes and influences the 
walking process and kinetic and kinematic parameters 
of the affected person. This theory can justify our results 
regarding the difference in temporal gait parameters of 
samples with genu valgum [29, 30].

There was no significant difference in step length 
among three study groups after inducing the fatigue pro-
tocol. The lower limb with multiple joints creates a unit 
of motion that provides stability, absorbs forces, induces 
pressure, and causes displacement. The function of its 
segments is related to each other, and their internal func-
tioning and any change in the structure and function of 
one segment affect other segments. 

Farr et al. also showed that although patients with genu 
valgum had different external knee and hip rotation and 
stride length compared to the controls, they had no dif-
ferent step length [30]. In contrast, Parijat and Lockhart 
reported that localized muscle fatigue affects spatial gait 
parameters, including step and stride lengths, which 
were higher in those with genu valgum compared to nor-
mal peers [25]. However, in their study, the participants 
were female adults, and their fatigue protocol was differ-
ent from ours. 

Based on the obtained results, we can indicate the im-
portance of anthropometric dimensions, including the 
lower limb length in evaluating step length variable.

Moreover, the nature of the genu valgum deformity and 
the developed deviation in frontal (under static situation) 
and horizontal (under dynamic situation) plates can jus-
tify our result regarding no difference among the groups 
in terms of step length as a spatial variable in sagittal 
plate [26-29]. Based on previous studies and consider-
ing biomechanical principles ruling the walking pattern, 
people with normal varus alignment often compensate 
two variables of step length and walking speed together. 
Compensatory changes during the walking cycle and the 
hip rotation can also be another reason for the similarity 
between groups concerning the step length variable [29, 
30]. The effect of fatigue protocol in any of the groups 
before and after inducing the protocol did not show a 
significant difference in terms of this variable.

Students with genu varum and their normal peers had 
significantly shorter stride length than students with genu 
valgum after having fatigue, while no significant differ-
ence was found between genu varum and normal groups. 

Farr et al. study also showed that those with genu val-
gum had a significant increase in knee valgus and conse-
quently, in stride length compared to the controls [30]. In 
people with genu valgum, the knees deviate to the me-
dial part during standing. This medial deviation, which 
is more prominent in knee joint area, is exacerbated by 
fatigue and the lack of dynamic support because of the 
poor functioning of the muscles and can cause the knees 
to touch each other while walking. The most common 
compensatory strategy in this group is the hip rotation 
during the swing phase (suspended foot) around the 
stance leg. In static conditions, such as standing, they 
use the compensatory strategy of standing with feet 
apart by external rotation of the hip. This condition can 
increase the level of the base of support caused by the 
increased distance between two legs [28-30]. According 
to a study by Ganesan et al. in children, this condition is 
compensated by inward bending of one knee and exces-
sive opening of another knee [31].

According to the results of this study, there was no sig-
nificant difference between the effects of the fatigue pro-
tocol on the walking speed of students in three groups. 
The results of a study by Naderi et al. also indicated that 
the walking speed of those with genu varum equals to 
that of the normal people [7]. The lack of a significant 
difference between the three groups does not mean that 
the fatigue protocol does not affect the gait parameters 
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(walking speed). Based on the results of the intra-group 
comparison, the use of fatigue protocol significantly re-
duced the walking speed of students in all three groups. 

Based on the available scientific evidence, motor learn-
ing causes stable changes in various levels of the central 
nervous system. It is believed that these changes, regard-
less of whether they can be intentional or reactive, may 
recover the optimal function in any habitual and func-
tional activity (e.g. in response to limb malalignment, 
postural changes, or changes in conditions). 

Walking speed is one of temporal characteristics of 
gait and is highly influenced by the movement habits of 
people and the central nervous system. Perhaps one of 
the reasons for not finding a difference between groups 
is the non-interference of peripheral fatigue (muscle fa-
tigue) with walking patterns affected by higher levels of 
motor control.

The results of our study also reported no significant dif-
ference between the effects of the fatigue protocol on 
the number of steps in the three groups. This result is 
consistent with the findings of studies by Naderi et al. 
Esmaeilipour et al. and Stief et al. They also reported 
that the temporal and spatial parameters of gait in those 
with genu varum were similar to those of normal people, 
where those with genu varum do not need to reduce the 
number of steps [12, 19, 31]. 

Because of the lack of significant difference in step 
length and walking speed variables among the study 
groups and the effect of these two variables on the number 
of steps, the lack of a significant difference seems logical. 
On the other hand, considering that the walking pattern 
of each person is a unique and exclusive characteristic 
and has been created and institutionalized for many years 
and is organized in lower levels of the central nervous 
system, the protocol of muscle fatigue and the presence 
of the subject in walking test conditions, despite fatigue, 
may not have a significant effect on their dominant walk-
ing pattern, although it does not mean that the fatigue pro-
tocol does not have any effect on walking speed. In other 
words, it can be argued that the lower limb alignment, as 
a biomechanical intervention, has no conditions for over-
coming the neuromuscular pattern of walking in people, 
and changes in the lower extremity may be compensated 
by altering other biomechanical variables, including the 
center of gravity and motor patterns in the pelvic/hip re-
gions. These are the reasons for not finding a significant 
difference among the study groups.

Finally, the results of this study revealed no signifi-
cant difference between the effect of the fatigue pro-
tocol on the walking distance in the three groups and 
the distance per minute walking was not different in 
the groups after inducing fatigue protocol. One of the 
reasons for such results can be justified by the forces in-
fluencing the walking, including internal forces, forces 
generated by body organs (especially muscles), and ex-
ternal forces such as inertia, gravity, and ground reac-
tion forces. A main part of forces (80%) that helps walk 
in natural conditions is external forces [32]. 

The type of muscle contraction used in a walking cycle 
includes more eccentric contractions, and because of the 
nature of these contractions, it can result in lower energy 
costs and higher muscular work efficiency. The three 
types of contractions produce the internal forces consis-
tently and regularly, each of which performs positive or 
negative works considering the direction of displacement 
and forces, and eventually causes movement [12, 30]. 

Because of the lack of significant difference among 
the groups in terms of step length and walking speed 
variables and considering that the walking distance 
parameter is affected by the two variables, the lack of 
significant difference among the groups in terms of the 
walking distance is justified. Although walking in any 
person may be affected by other factors such as age, 
gender, height, size and shape of bones, joint mobility, 
muscle strength, habit, and physical and mental state, 
it can vary depending on the step length and gait speed 
and has a positive or negative effect on the covered dis-
tance and other gait parameters [32].

Based on the results of this study, the fatigue protocol 
applied as an environmental and muscular intervention 
could change the walking pattern considering the dif-
ference in lower limb alignment in students with genu 
valgum and genu varum, as well as those with normal 
alignment. The changes between the groups were dif-
ferent, and the effect of induced fatigue protocol on 
them was significant. Lower limb malalignment, in-
cluding genu valgum and genu varum in adolescent 
male students, can be a determining factor for motor 
patterns such as walking; hence, fatigue can lead to dif-
ferent changes in some gait parameters, especially in 
people with genu valgum and genu varum, which calls 
for more attention to corrective programs for the im-
provement of varus deformities.
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